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The purpose of the paper is to study theoretically the interaction between an obliquely 
incident plane electromagnetic wave and an electron beam. We assume that a static 
magnetic field of arbitrary strength is present in the axial direction. 

Machine computations made for the case of a cylindrical electron plasma show that 
resonances occur in the backscattering cross section as a function of the angle of incidence 
of the plane wave. The dependence of the resonance angles on the plasma frequency for 
fixed gyrofrequency suggests a possibility of utilizing the results of the investigation for 
diagnostics of a cylindrical plasma. 

Introduction and Summary 

The interaction of an obliquely incident plane electromagnetic wave and an electron beam 
lias been studied by the author in a number of previous reports [Wilhelmsson, 1954, 1958a, 
1958b], particularly in the presence of an infinitely strong static magnetic field in the direction 
of the beam and in the absence of a static magnetic field. In an earlier report [Wilhelmsson, 
1958c] the author discussed the wave solutions for the waves excitable in a cylindrical electron 
beam in the presence of a static magnetic field of arbitrary strength. The investigation also 
covered the case of azimuthally asymmetric modes which, together with the azimuthally 
symmetric modes, constitute the complete set of normal modes excitable, e.g., by means of an 
obliquely incident plane wave. 

The purpose of the present report is to give the complete formal solution of the problem 
of interaction between an obliquely incident plane wave and an electron beam in the presence 
of a static magnetic field of finite strength in the axial direction. 

The investigation suggests a new interesting diagnostic technique for a beam or a plasma 
utilizing the dependence of the resonance angles of incidence on the plasma and gyro frequencies. 

1 . General Assumptions and Fundamental Equations 

Let us review the assumptions and the notations introduced by the author in previous 
communications on this subject. We consider a circular electron beam of radius a and of 
infinite extent in the axial direction. The beam has a drift velocity v along the lines of force 
of a homogeneous magnetic field of strength H . We assume that the beam travels through 
a neutral ionized medium that exists only in the same domain as the beam. The static elec- 
tron densities of the beam and t he ionized medium are further assumed to be homogeneous 
in space. Let us introduce the critical angular frequencies co cl — (Nie 2 /m€ ) 1/2 and w C 2= (iV 2 e 2 / me o)^ 
corresponding to the electron densities N { and N 2 of the beam and the ionized medium, re- 
spectively. Here e is the charge of the electron, m its mass, and e the dielectric constant of 
vacuum. In the following we consider frequencies of an order of magnitude such that the 
ions can be regarded at rest. 
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Figure 1. The obliquely incident plane electromag- 
netic wave and the electron beam. 
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In order to study the interaction between an obliquely incident plane electromagnetic 
wave and an electron beam in the presence of a static magnetic field of finite amplitude, we 
introduce circular cylindrical coordinates (z, p, <p) and assume that the incident plane wave 
hits the beam with an angle of incidence <j>. We further assume that the dielectric constants 
are different outside and inside the beam. By virtue of the last assumption, the axial phase 
velocity of the incident wave can be adjusted to the velocity of the beam by a suitable choice 
of the dielectric constant of the surrounding medium. 

We represent the axial wave propagation by the factor e j(wt ~ k \\ z \ where co is the angular 
frequency of the oscillations, t the time, k\\=ki sin </>, where fe^co^ei is the wave propaga- 
tion constant of the incident plane wave (ju x and €1 are the permeability and the dielectric 
constant of the surrounding medium). A convenient notation is further k±= k x cos 0. z is the 
axial space coordinate. For vacuum we introduce correspondingly k = u-yj )x e Q . The wave 

impedances we denote by Z 1 = A /— 1 and Z =^ — • We represent the angular dependence of 

V €i \ € 

the wave functions by the factor e jn<p . 

c 

The cyclotron frequency of the electrons we denote by u H =— vqHo, where /x is the vacuum 
permeability. We furthermore make use of the notation <*!=— > "the phase constant of the 
electron beam," and k Po —^—= — *, the relative space charge wave propagation constant, where 

\ PQ is the plasmic wavelength of an infinitely wide beam. Collisional effects are taken into 
account by introducing the effective collision frequencies v x and v 2 for the electrons of the beam 
and for the electrons of the ionized medium respectively. 

In a previous investigation [Wilhelmsson, 1958c] the author obtained the following coupled 

equations for the quantities ITx and n 2 defined by U 1 =E Z and n 2 — -/— H z 

M e 
(P p +A?)n 1 =Sfn 2 , (l) 

(P p +A 2 2 )U 2 =B 2 2 U h (2) 

where P p is the operator 

P P dp p dp p 2 

and Ai, A 2 , B u and B 2 depend on the parameters we have already defined. 
An alternative way of writing the eqs (1) and (2) is 

(Pp+afjn^ifPpHa, (la) 

(P p +^)n 2 =6|P p n 1 , (2a) 

where again a iy a 2j b 1} and b 2 can be expressed in the parameters that we have introduced. 

The equations were derived from the equation of motion of the electrons, the equation of 
continuity, and Maxwell's equations, taking into consideration the drift Lorentz term v X H„, 
where H„ is the a-c magnetic field, and the relativistic effects. Let us here introduce the 
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notation P=— for the ratio between the drift velocity of the electron beam and the velocity 

of light in vacuum. 

We obtain the following expressions for the constants in the coupled field equations 

~\°\_ co 2 w-Vokw + UHil-p^-jvr uiu+ua—jViU J 

2 _J L Jl»V-[ _°^1 W — Vpkw (1_Q2V "^ I— p\ 

, 2 . A , 2 .A 

01=.? I' 02 = — J ~s» 

1 J p 2 J q 2 

A 2 T 2 

A\=(i 2 -jj 2 , Al=ci 2 -kljj,, 



A A 2 

#i=-ip2' Bl=jkjj 2 , (3) 



where 



-.2 7-2 fl "'' (<0 — Ppfcll— >i) (w— Cofe H ) !>, fljNt ^2 «->2 "l ,2 

«-*°L (co-^n-jVO^^Cl-/? 2 ) ' a, 2 ll P) (a,-j V2 y-a,° H co J *"' 



A 2 =l =2 (1 _«*)! ' 2 . , 

(co— »ofc||) (w— »o*o— >i) w(w— i»' 2 ) 

£2=1 ^! ft>-Cofel->l (102)1 

(w— »ot||— >i) 2 — ww(l— /3 2 ) co— »o*|| («— >j) 2 — w« co 

N/r 1+fi 2 < <o-Botii-jVi fl _^n, 

«" \Lc«— «bfci— >i)*— «*(i— /s*) u p ;+ (co-> 2 ) 2 -coy 

COc, if CO 2 ., 3 

_g2 2 ci— 8 2 ) 2 - 1 - CI— B 2 Y 

P (a-flofcl-^-coMl-^r 1 Pj \(co-^| 1 -> 1 ) 2 -co? r (l- / 3 2 ) li P ; 

"'2 [" < C0-> 2 (1 g2) t ■ < | {0-P fc|l->l "|'\ \ 

(co— > 2 ) 2 — cofyLCw— »o^|] — >i) 2 -colf(l— 18 2 ) co (co— > 2 ) 2 — co|- co— Vak\\ JJ / 

2 ,2=g2Z? 2 -^7' 2 ) 

a — ^*( f «=a*i. 7 — . < 2n ^ a-/? 2 ) 

co \ ai (co-^ii-^,) 2 — co|(l-/3 2 ) v 

co' 2 2 r «?, i 

~" («->,)'-«& \^' + /?2 (co-^||->.) 2 -coMl-/3 2 ) (1 ~^ r 

x[*|-€%+i5+(«n-ig) (1-/3 2 )*]}} (3a) 
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The quantities that we have introduced are sufficient to determine the coupled eqs (l, 2) 
and (la, 2a) completely. To construct expressions for all the field components that we need to 
satisfy the boundary conditions on the surface of the cylinder, it is convenient to introduce 
the following quantities: 

n=°^[ ^ co-^,1 (1 , 2)+ < 1 

kll (co — 270*11 — >0 2 —c4r(l—i8 2 ) ' « K1 P) (co-j^) 2 -^ ' co J 

_J* /) f ^ /I Q2N I ^2 " I 

co V L(co-iail->i) 2 -coMl-^ 2 ) l * ^(co-jV,) 2 -^! 
11 L aifcii (co— r t|| — ^i) 2 — ai(l— j8 2 ) co ^ / _p 



AuQ 



co, 



0) H 



0-P 2 )~Q. (3b) 



^ (co — ?'o*ll— J>i) 2 — co|^(l— /S 2 ) co 

2. Wave Solutions of the Problem 

We consider two different directions of polarization of the obliquety incident plane 
electromagnetic wave, viz, the cases with the magnetic or the electric field vector polarized 
perpendicularly to the electron beam. The general solution for the case of an arbitrarily 
polarized incident plane wave can be obtained by superposition of the solutions for the two 
separate cases. 

2.1. The Magnetic Field Vector of the Incident Plane Wave Is Perpendicular to the Electron 

Beam 

The field vectors of the incident plane electromagnetic wave can be written 

£ TInc = ^^(m'+*J-P C0S <P~ k ll z) 

// lnc — ^4 _ e 3(ut+kj_ p cos <p-k tt z) /^\ 

Zi 

From the Jacobi series 

e jk± P co* *= ^ 2 n J n {kx_ 9 )e^ (5) 

we deduce the following expansions that we need to express the field components of the 
incident plane wave in a suitable form 

1 d — 1 

sin < P e jk± '> cos (p =-^— -j- e jk± <> cos ^-=7— 2 n J n Jn (k±p)e' n *, (6) 

cos<pe jk - LpCOa *=-j- J7 - 1 — r e jk± " cos *= S J n ~ 1 Jn(k±p)e jn *. (7) 

a(lC±p) n=-oo 

We then obtain (the axial propagation factor e j(wt ~ k]lZ) is omitted in the following) 
E'T C =— E inc cos(j>=— A cos 4 S J n Jn(k±p)e jn<p 

n = — co 
1 

E™=E iao sin <j> sin <p= —A sin <f> j- — XI nj n J n {k ^p) e 3n ^ 

K±P 11= — co 

fl^-ff- cos ?=- A \- iz 3 n - l J'nQcs.p)e in *. (8) 

£j\ n = — °° 
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The general solution of the coupled field equations (1) and (2) that we need in order to 
describe the internal field, we write in the following form 

00 1)2 00 

n = — co ^c±2 ""2 n = — <x> 

7 ^°-4&^ S A ln J n (hip)e>**+ fj B Ul J n (h. 2P )e^ (10) 

■^2 "'l ^0 n= — oo ?i= — co 

where Ai and A 2 satisfy the relation 

(A 2 -^?)(A 2 -^) =£?#!. (11) 

In eqs (9) and (10) A ln and B ln are amplitude coefficients, which are to be evaluated later on 
by introducing boundary conditions. Since J n ( — z) = (— l) n J n (z) it is sufficient in eqs (9) 
and (10) to consider only two roots h { and h 2 of the 4th-order equation (11) that do not differ 
only by sign in order to construct the complete solution for the internal field. 

The second term of the right-hand side of eq (9) and the first term of the right-hand side of 
eq (10) are terms introduced by the coupling expressed by the right-hand sides of eqs (1) and (2). 
The remaining terms of eqs (9) and (10) correspond in the limit of infinitely strong si a tic 
magnetic field to pure transverse magnetic (TM) and transverse electric (TE) modes 
respectively. 

We choose 



K\=\[Ai+Ai-^{Al-A\Y+ABiB% 



so that 

and 



J4=±[Al+Al+^(A*-Af)>+4inBl\, (I 2 ) 



lim h x =A l 

«//-»co 



lim h 2 =A 2 . 
We furthermore have the relations 



2 — ^12- 

«//— >00 



AZ-A\=tb W-tfA*), 



D* 



B\Bl = ^~- (13) 



Hence 

-4?— A|=— J [Al-A\+^{Al-A\y+mBl] = -~ [^ 2 - 2 2 A 2 +V(p 2 -g 2 A 2 ) 2 +4A 2 A 2 ], 



2D 2 



Al-K\=\ [Ai-Ai+^At-Air+4BlBi}^^y [j>^-g 2 A 2 +V(^-^ 2 A 2 ) 2 +4A 2 A 2 ], (14) 



and 



1 



Let us introduce 



tt=2W [ P 2 + '/A 2 + V( f- 2 2 A 2 ) 2 +4A 2 A 2 1. 

C/=J--[r/A 2 -^ 2 +V(p 2 -5 2 A 2 ) 2 +4A 2 A 2 ]. '15) 
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We then have 



ft 2 

^1 XTTK-2 



A\-Kl 



B\ 



=jU. (16) 



Al-hl 

The internal wave solutions (9) and (10) can therefore be written 

E?= S A ln J n (h lP )e^+jUA- 2 Z S B ln J n (h 2P )e^, 

H?=jU±- S ^i^.(*ip)« ft *+ S B ln J n (h 2 p)e itt *. (17) 

■^0 71 = — co 7i = — oo 

For the azimuthal components of the internal electric and magnetic fields we have the fol- 
lowing expressions in 2T 2 nt , H™* and their first radial derivatives 

R ?=M [' I A ?^ I * ^f^ I RT '^ Q W} (18) 

The formulae (17) and (18) contain sufficient information on the internal electromagnetic 
field to determine the amplitude coefficients by introducing the boundary conditions on the 
surface of the cylinder. The determination of the amplitude coefficients will be the subject of 
a following section of the investigation. 

The radial components of the internal fields may, if desired, be obtained from the following 
expressions and relations (17) and (18) 

HT= ~i^X kiET+ "p Er } (19) 

We write the field components of the scattered wave (p^>a) in the following way 

TM modes 
E?= ± AJB*>(kjj>)e*» 

n = — oo 

#«=-jtan* jb A in Hr(k ±P )e^ 

n= — co 

tan* £ n A 2n H^(kxp)e^ 
k±p »_-«, 

H *° = -Y' k „L A ^ nA 2n m\k LP )e^ 

Z/i K±p COS <p w = — oe 

Z>i COS (p n = — oo 

fff=0 (20) 
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TE modes 
E s z c =0 

E S P C -Z { -L— ± nB h JB">(k ± p)e*» 

fC±p COS n =-oo 

E " = 3 Z ^7^k S B 2n H?'(k ±P )e»* 

COS W =-oo 

Hy=-i tan* S B 2n W»'(kxp)e jn * 

flj*= S B 2n Hi; 2) (kxp)e in *. (21) 

71= — oo 

In the relations (20) and (21), 5 ln and i? 2 « are amplitude coefficients of the scattered wave, 
which have to be determined by the boundary conditions. The total field in the external 
region consists of the incident plane wave (8) plus the scattered wave (20) and (21). 

2.2. The Electric Field Vector of the Incident Plane Wave Is Perpendicular to the Electron 

Beam 

In the case where the electric field vector of the incident plane wave is polarized perpen- 
dicularly to the axis of the beam, the particular field components of the incident plane wave 
that we are interested in to satisfy our boundary conditions become 

E™=-E' mc cos <p=-A ]C j n - 1 J' n (k A _p)e jn * 



n= — ° 



1 

H™=H™ cos (t>=A ^r cos X! j n J n {k xP ) e 3n « 

| i 

# i p nc =-# inc sin0sin<p=^^sin0 7 - X) nj n J n (k ± p)e jn<fi . (22) 

^1 rC±P 7i=-oo 

For the axial components of the internal electromagnetic field and the polarization that we 
here consider we introduce the amplitude coefficients a Xn and f$ in which then substitute A in 
and B in in relations (17). Accordingly we have 

E-T= S a ln J n (h lP )e***+jUA- 2 Z S PinJnMe'"*, 

n= — <x> n= — oo 

m'HU^r fj *uJJfop)***+ S Pi n J n (h 2P )e ln *. (23) 

■^o n= — oo n= — oo 

Correspondingly we introduce a 2n and $ 2n as the amplitude coefficients of the scattered wave. 
The field components of the scattered wave we obtain, without unnecessary rewriting, from 
relations (20) and (21) by direct substitution of a 2n and p 2n for A 2n and B 2n respectively. 

As a final remark to this section on the wave solutions of the problem we would like to point 
out the following. The propagation of the different modes of the field as described by the 
factor e i(w *~*n* +n * >) , where n takes positive as well as negative values in the summation, 
may be thought of as helical or screw waves for which the velocity of azimuthal rotation is 

- and the axial phase velocity is t- The total internal field for example is then obtained by 

n £„ 

superposition of such modes properly weighted as indicated by our formulae above. 
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3. The Amplitude Coefficients 

As boundary conditions on the surface of the cylinder of radius a we take the tangential 
components of the electric and magnetic field vectors to be continuous through the surface. 

3.1. The Magnetic Field Vector of the Incident Plane Wave Is Perpendicular to the Electron 

Beam 

Let us introduce the following convenient notations 
d 1 ==§ 4-2 (k R +hQU) Wi cos <t> J' n (M) #f (* ±a) -Jn {ha) H? ' (k L a)+^ [^ U 

— }- 2 (A+tfZ7)*a cos ^\-J H (MH? {k x a), 

^ = rta^0_^_ cog > Jn{hia)H m (k ± a)-^UJ n MH2»'(k x a) 

+4~2 (A +g 2 £Wi cos </> j; M ff< 2 > (* x o), 

2 &2 

^ = _rw — l_( 2 2_ AA -2 [7)A . i| cos j5j,(AiB)H? (ii«)-7A-W,(MHf (*±o) 

— p. (hQ-koRb-VWoh* cos 4> J' n MH™ (Jc ± a), 
a a 2 

d 4 -J n MHr(k L a)-^± (2 2 -AA- 2 C7)^ 2 cos J' n (h 2 a)H? (Ar x a)+g [^A~ 2 C7 



+ <f 



^ (AS<2— rA" 2 f7) cos J - J n (M) H? (*x«) • (24) 

C^2 _] $ 



The amplitude coefficients ^4 ln and B ln can then be simply expressed as 



Ai n =Aj 



, t 2±Jt_ 



-ha 



did-2 
d*d 4 



Ziwfaa did-, 
d z d 4 



(25) 



We obtain the remaining amplitude coefficients A 2n and B 2n from 

^ B= P]N [AinJn (hia) +jA~ 2 UZ B ln J n (h 2 a) +A cos <j>j n J n (k±a)] 
B2n ~ H i2) (k a) JUYAi n Jn(hia)+Bi n J n (h 2 a) • 



(26) 



3.2. The Electric Field Vector of the Incident Plane Wave Is Perpendicular to the Electron 

Beam 



field 



For the polarization we here consider we have the amplitude coefficients of the internal 
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,-» 2 1 * 



«ln = 






ft,= - 


Z] 7r Aria ^irf 2 






d 3 d 4 



(28) 



and of the scattered field 
1 



«2n 



[«i„ J„ (ha) + jA 2 UZ p ln J n (h 2 a) ] , 



^ 2n== H (2) (k a) ^ ~Z ainJn ^ hia ^ +PmJn(h 2 a) —A ^ cos 4> j n J n (k±a) • (29) 

4. The Field in the Center of the Beam 

Let us consider the axial components of the electric and magnetic field vectors in the 
center of the beam. 

4.1. The Magnetic Field Vector of the Incident Plane Wave Is Perpendicular to the Electron 

Beam 

From the relations (17) and (25) we find for p=0, 

E 2 ( P =0)=A l0 +jUA- 2 Z B ]0 



or 



-A'-— l 
it k\d \d\d 2 

\d 3 d 4 



E 2 (p=0)_.2 1 



(d 4 -UA- 2 ^d 2 ) , 

\ L\ / n =0 



(30) 



m 



TT k\d COS </> 



I f i TTA~ 2 — rl \ 

\d\d2\ \ Zt\ / n = 



Idsdd 



(30a) 



Furthermore 



H 2 (p=0)=jU-^A 10 +B lo 



.12 1 1 
=Att~ 



Z\ 7T kid 



d\d 2 \ 

$3^4|n = 



or 



H 2 (p=0)_2 1 1 



HT it kid 



d\d 2 
d z d A 



(d 2 +U^dt) 

-( d > +u lrA. 



(31) 



(31a) 



where H™ c is the magnetic field of the incident wave in this case. 

4.2. The Electric Field Vector of the Incident Plane Wave Is Perpendicular to the Electron 

Beam 
From eqs (23) and (28) we obtain 

^(p=0)=a 10 +ic7A- 2 Zofto 



=-A 2 - * 1 



ha 



did 2 \ 

^3^4U = 



(*- Fi -*i*)...' 



(32) 
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or 






-r7Tr-( rf 3-c/A-4 rf.) > 

ir kid did 2 \ \ Zi / n=0 



(32a) 



^3^4|n = 



where E^ c is the electric field of the incident wave in this case. 
Correspondingly 



H 2 (p=0)=jUy-a 10 +fi 10 



=-jA 



J_2J_ 

Z\ T k\(L 



\ 



did 2 \ 



(dx+Upd,) 



or 



H z (p=0)_ ,2 1 



m 



7r faa cos <j> 



■4 — U+upck) ■ 



4 

d 6 di 



(33) 



(33a) 



5. The Scattering Cross Sections 

We define the following three scattering cross sections, 
Differential cross section: 

_\ 9 Re {E% c H s /-E s z c Hf) 



tM* 



| Re (E inc XH lnc *) cos0 



Total cross section : 



0"tot- 



i Sjdip Re (E s ;Hf-ErHf) 



±Re(E lnc XH lQC *) cos0 



Backseat tering cross section: 



<r B = 



% p 2t . Re (gyg; c *-g; c gy*) y . 

I Re (E lnc XH inc *) cos</> 



(34) 



(35) 



(36) 



We here have 



I Re (E lnc XH inc *) cos <t>=A 2 \- cos </>. 



Let us furthermore introduce the expressions for the field components of the scattered wave 
in the relations (34) to (36) and do the integration in (35). We then obtain the following 
results for the polarization where the magnetic field vector of the incident plane wave is per- 
pendicular to the electron beam, 

2 oo / 



a(<p)= 42 l , -4-1 1 S A 2n e^^ 



+Z? 



W= — oo I _j 



^4 2 cos 



•OS 2 A'x |_»=^° 



•1, 



+zt s 



/>• 



2n ' 



) 



0-B = 



^4 2 cos 



I 4 pi oo 2 12-1 



(37) 
(38) 
(39) 



The total scattering cross section o- tot = c(<j>)d as expressed by relation (35) and (38) 

is the ratio between the total power scattered per unit length by the cylinder to the component 
of the incident power per unit area that is normal to the axis of the beam. 

The backscattering cross section defined by relation (36) and explicitly expressed in the 
amplitude coefficients of the scattered wave by (39) we may think of as the cross section of a 
fictitious scatterer that scatters energy isotropically with the intensity observed as backscat- 
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tering (in the plane defined by the wave-normal of the incident wave and the cylinder axis, 
*=0). 

From relation (37) we notice that 

' (•— f)-TOi dc [\A M 2+z iA B »n (40) 

To facilitate comparison between the scattering at right angle from the plane of incidence 
and the backseat tering let us furthermore introduce 



2 



r=2T<r(*=-0 (41) 

where o^ corresponds to the cross section of a fictitious scatterer that scatters isotropically 

2 

with the intensity observed at right angle ( <p= — - J from the plane of incidence (<p=0). 

For the case where the electric field vector of the incident plane wave is perpendicular to 
the electron beam we obtain the results for the different cross sections from the formulae (37) 
to (41) by substituting a 2n and ft w for A 2n and B 2n , respectively. 

6. Scattering of an Obliquely Incident Plane Wave by a Cold Cylindrical 

Plasma in a Magnetic Field 

We obtain the results in this case by making the following specifications in the relations (3), 

co Cl =0, w C2 =co c , V2=V y 

where co c and v are the critical angular frequency and collision frequency of the electron plasma. 
The expressions can then be simplified to 

q *=ki rcos^- 7 — 4 — r • ^1 

L (u-jv) 2 -(o H (0 J 

(fal=V a Tcos 2 </, ^ ^1 • [cos 2 ^ r — ^ r^l, 

L o)((o — u H — p)J L u(«> + uh—.)v)J 

«(«— jv) 
D*=l <£ ^=> 

(u—jvj—uir co 
co (co— jv) 2 — <a 2 H ' 

2 r~ 2 ~|2 

T 2 =— 5. "" =rt 2 

<» 2 L(«-» 2 -«y v - 

p2=g*D 2 -k 2 T 2 , 

2 

A*o si ii • Q, 



CO 




co? 




(co- 


-» 2 - 


2 
"CO// 


J?-P 2 

iC—p> 

/Co 








T=^o2 2 si" </>• 









(42) 
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For j) 2 — q 2 A 2 that enters h h h 2 , and U we have in this case the simple result 



p 2 -q 2 A 2 =-k 2 ± -^-Q, 

u-jv 



and accordingly 



I = . cos 2 0— -%/ t ^ 



cos 4 </>+4 A 2 sin 



","*} 






v< 



cos 4 $+4A 2 sin 



in 2 <$> L 



(co— » 2 

2^5 [^ 2 +2 2 A 2 - 0# V(^=fe" 2 C ° S4 0+4A2 Sln2 *]' 
7. Results of Machine Computation 



(43) 



Extensive machine computations have been made for the case of the cylindrical electron 
plasma neglecting the effect of collisions. 

In order to demonstrate the possibility of utilizing the results of this investigation for 
diagnostic purposes let us consider here only the results for a particular case. 

For the polarization where the magnetic field vector of the incident plane wave is perpen- 
dicular to the axis of the cylindrical plasma we study the backscattering cross section as a 
function of the angle of incidence of the plane wave. In figures 2 and 3 we have taken co p > 
uh^u, where u p is the plasma frequency (w p =w c ). 




Figure 2. The backscattering cross section over the 
radius of the plasma cylinder as a function of the 
angle of incidence of the plane wave for different 

values of — ' 



a 



!£,, 



k a = o.l 
k a = 0.316 

k a = l 
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Figure 3. The backscattering cross section over the 
radius of the plasma cylinder as a function of the 
angle of incidence of the plane wave for different 
values of k a. 



Figure 2 clearly demonstrates that resonances occur in the backscattering cross section at 
different angles of incidence for different values of the plasma frequency, i.e., the density of 
the plasma cylinder, and a fixed value of the gyrofrequency, i.e., the magnetic field. Jn figure 

2 we have taken — equal to three different values 8, 6, and 5 for — =4 and k Q a=l. Measure- 

00 CO 

ments of the values of the resonance angles might possibly be useful to determine the density 
of the plasma cylinder. 

In figure 3 we have plotted backscattering curves for three different values of k a and 

fixed values of — and — • Apparently there is no observable change in the value of the reso- 
nance angle when k a varies between 0.1 and 1. 

It remains to be shown by experiment that resonances of the kind predicted by these calcu- 
lations do play a role for a cylindrical cold plasma and if so whether or not they can be utilized 
for diagnostics of such a plasma. 



The machine computations were made on the IBM 704 computer in New York, on time 
available for the Plasma Physics Laboratory of Princeton University, of which the author was 
a member during the year L960-61. It is a pleasure to acknowledge the very generous help 
of L. Hoffman, M. Sc, who did all the coding work. The work was finally written up at 
Research Laboratory of Electronics, (maimers University of Technology, Gothenburg, Sweden. 
It forms a continuation of earlier work by the author as a part of the general electronic research 
program of the Research Laboratory of Electronics. 
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